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ABSTRACT

Size and lateney of respotises 10 a serles of tones, spontancous Ruetautions, nnil
habituntion in finger velume and pulse volume were studied in 19 healthy young
soldiers by means of pneumoplethysmogreaphe, ‘The eesulin Indicate that relation.
ships among vasomotor mensuren differ from those eeported for skin conduetanee
measures, Thuw, in contrant 10 what has heen shown for skin conductanee, no cor.
relution was found between habliaation and number of cpontancous fluctantions,
and the variability of the first responne to the tones did not differ from the varinhil.
ity of the following responses, Auditory stimulation did not inerense the number
of spontoncous fluctuntions, There were highly significant correlations hetween
spontancoun fluctustions ducing rest and stimolation periods, No significam corre.
Intlons were obtained hetween pulse volume responses 1o an arithmetie tonk and
responses to tone stimull. Some differences n pattern of relotionships weee ob.
tained between finger and pulse volume meanstres, Initinl responses in finger
volume were related to other response size mensnres, whereas this was not the case
for pulse volume, Response Intency inereased during the auditory stimulation for
pulse volume, but not for finger volume,

DESCRIFTORSs Finger volume, PPulse volame, Reaponses to tones, Habltuation,
Spontancous fluctuntions, (L, Lidberg)

Possibly beeause these two indicators of autonomie activity are teehnically
relatively simple to measure, the interrelationships of various aspeets of auto-
nomie activity and espeeindly size of rexponse, rexponse beeney, habituntion,
and number of spontancous fluctuntions have previously been stadied mainly in
skin conductance and heart rate.

Habituation of skin conductance rexponses shows o signifienn negutive eorre-
Intion with number of xpontancous fluctnations (Koepke & Pribrem, 1966; Joln-
son, 1063; Lader & Wing, 1966). Further, the number of spontanecns fluctuations
i signifienntly nnd positively eorrelated with the magnitude of re gonse to the
firet, of 0 weries of «timuli (Johnson, 1963 Stern, 1066), and with number of
responses occurring during u series of tones (Stern, Stewnrt, & Winokur, 1061).

Adddress seequesta for veprinta to: e, Laes Lidherg, Labortory for Clinfen) Strese Researeh,
Depnrtinent of Medicine and Pevebintry, Kapolineln sjukbuset, Pack, 108 01 Stoekholy 60,
Sowqeden.
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July, 1972 CHARACTERISTICS OF DIGITAL VASOMOTOR: ACTIVITY

Some authors have found that magnitude of response to tone stimuli in skin
conduetance is unrelated to number of spontancous fluctuations (Wil<on & Dyk-
man, 1960; Koepke & Pribram, 1966), while others have reported positive corre-
lations between number of spontaneous fluctuations and the mean response to
tone stimuli (Johnson, 1963). The respense to the first tone has been found to be
“ereeptional” (Lader, 1964) and significantly more variable than the other re-
spenses (Montagu, 1963). It may be noted that these authors obtained a signifi-
cant negative correlation betweenr the regression coefficient and the ealculated
valie of the response to the first tone, indicating that subjeets with lurge initial
responses had greater habituation.

With respect to measurements of heart rate, the corresponding correlations are
les< consistent and not always in the same direction as with measurements of
sxin conductance (Johnson, 1963). Later studies have disclosed a conspiruous
ilissociation between number of spontaneous fluctuations for skin conductance
and digital pulse volume. Lader (1963) found that number of spontancous pulse
volume fluctuations increased during periods of drowsiness induced by cyclobar-
bitone, whereas the number of spontaneous skin conductance fluctuations de-
ereased. A dissociation between the response trends in skin conductance and in
vasomotor responses during drowsiness was noted by McDonald, Johnson. and
Hord (1964).

Roessler, Alexander, and Greenfield (1963) reported an approximately linear
relationzhip between response magnitude and stimulus intensity both for finger
volume and for skin conductance. Further for finger volume the same authors
(Greenfield, Alexander, & Roessier, 1963) obtained no relationship between re-
sponse lateney amd stimulus intensity, possibly indieating a lack of relatpm-hip
between respons2 magnitude and response latency. According to these authors
this is the ense also with respect to skin conduetance.

It i~ obvious that the relationshins frund between different characteristies of
skin conductance cannot be z2pplied to vasomotor activity. The purpese of the
present study was to analyze measures obtained by two different plethysmographic
teehniques in order to provide a foundation for further investigations of *“emo-
tional stress” in dir,ital vasomotor activity under conditions of confinement.

Method

Subjects

Nineteen soldiers, 19-21 years old, serverd as subjects. Participation was volun-
tary and the S< were paid. They were in gnod physical and mental heaith.

Measurement of Finger Volume

A pressure transducer of eapacitor microphone type (Elema EMT 32) was
connceted to a plastic oncometer euff via a rigid plastic tube. The cuff was
mounted airtight on the fourth Enger of the S's left hand by means of plasticine
mixed to five percent with zine oxide. Rapid pulse deflections were climinated in
the recordings by wsing a low-pass electronie filter (3 dB loss at approximately
0.5 Hz).

Measurement of Pulse Volume

A pressure transilucer of piezoeleetrie type (Elema EMT 510, see Lund, 1964)
was connected to a plastic oncometer cuff via a rigid plastic tube. The cuff was
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mounted airtight on the S'4 left index finger an deseribed above, Fhe appuratis
hid o time constant of 2 see and n high frequencey limit of 500 fiz, The volume of
the finger tip inside the oncometer enff was measured in mm?® by a water dis-
placement method and the size of the finger nail was measured, ns comparisons
between Ss were planned (Lader, 1967). The size of the finger nuils, representing
an inert materinl, varied from 2.8 to 1.3 percent of the total volume.

Recording Instrument

An ink-writer of Elmquist {ast-response type (Mingograf 81) was used,

Procedure

The Ss came to the laboratory in the afternoon, after their normal duties.
They rested for half an hour in an examination chair in a quiet room, in which
the temperature varict hetween 21.5°C and 23.5°C. The finger temperature of the
Sx, mensured by n thermistor device, varicd between 21.6°C and 34.8°C at the
heginning of the experiment proper. A constant, faint indirect light was used. The

recording apparatus was kept in an adjoining room, which had a small window

through which the experimenter could observe the S, who was alone in his room
during the recordings. The S's left arm and hand werc placed on a soft support
with the arm in a resting position, so that the fingers were on a level with the
sternal angle. Two EKG clectrodes were applied to the right ankle.

The procedure was explained to the S, and several deep inspirations were
nracticed in order to make more reliable the later recording of the digital inspira-
tory vasoconstriction reflex. The recording was then started, after which all
instructions to the S were given from u tape 1ecorder via a loud-spenker, with
echo-cffeets eliminated. The 3 main experimental periods reported are: (a) an
initinl rest period of 10 min (Period I), (b) n tone stimu’ation period (Period
11), and (e) a finnl rest period of 5 min (Period III).

During Period 11 11 sine wave tone stimuli, 100C 11z, approximately 100 dB
and 1 see duration, were administered through the loud-speuker. The intervalx
hetween the tones were randomized and varied between 35 and 60 sec. Two min
rest iollowed the tone stimulation period, after which the S took 3 distinctly
spaced maximal deep inspirations, followed by another 2 min rest. Then 2 simple
arithmetie tasks were given (13 4 21 and 16 + 33). After another 2 min rest the S
was informed that a short, harmless but painful electric shock was tn he given
through the right leg EKG eclectrodes, the function of which had not heen explained
Liefore, A shock of 4 mA with a duration of 0.4 see was given, Responses and fluctua-
tions in thix part of the experiment eould not be evaluated, due to n marked
varoconstriction, The S was then informed that the experiment proper was finished,
but that resting levels in the recording were being obinined and lic wag shown
how to relax. After 5 min rest (Period T1T) the continuous recording was terminated,

Quantification of Results

Finger Volume

Any observabiy deerease of finger volume oceurring between 1.6 and 10 sce
from the onset of each tone stimulus was considered as n response. Decrenses
within 1.6 see were disregarded. Regarding this response Intency criterion, see
Stewart, Stern, Winokur, and Fredman, 1981, The responsc was quantified ns the
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difference, in mm of pen deflection, between the maximal deficction uand the mean
level during the 10 sec preceding the stimulus, Tkis value was then corrected for
amplification and the volume of finger tip inserted into the cuff. Eack response
was expressed as a percentage of the mean response to 3 maximal deep inspira-
tions which was used as an estimate of the individual maximal response.! This
was made in order to correct for the individua! differences in range of response
(cf. Paintal, 1951; Lykken, Ro=e, Luther, & Mbaley, 1966).

The mean response to all tones, the response to the first tone, and the sum of
the first 3 responses are reported. The response to the first tone is of interest as
startle response (see Lader & Wing, i966, p. 11). The sum of the first 3 responses
was uged as an estimate of initial responsivity.

Response latency was measured as the time from the onset of the stimuli to an
ohservable decrease of volume.

A spontancous fluctuation was considered to have oceurred if there was a
rleviation of the curve similar in shape to that obtained in response to a known
stimulus and within the range of the individual’s responses to auditory stimuli.
For the response to be included the effects of an earlier response had to have
subsided. Thus, Iarge, slow variations in the curve were not counted as< sponta-
neous fluctua’ions. The rete<t reliability with an interval of one month was 96
for this measure.

Pulse Volume

Auy observable decrease of the pulse volume occurring between 1.6 and 10 see
from the onset of a tone stimulus was considered as a response. Changes occut-
ring within 1.5 sec were disregarded (response latency criterion).

The responses were quantified as the difference, in mm pen deflection, between
the mean of the 3 smallest consecutive deflections during the '0 sce preceding the
stimulus, and the mean of the 3 smallest deflections during the 10 sec following
the stimulus. The difference was expressed as a percentage of the mecan of the 3
smaliest deflections during the 10 see preceding the stimulus. This method of
quantifying a response gives a fair approximation to the differential iogarithmie
method used by Lader (1965).

The mean response to all tones, the response to the first ‘one, and the »um of the
first 3 responses are reported.

Response lalency was measured as the time from onsct of the stimulus to an
observable decrease in the amplitude of the pulse volume deflections.

Pulse volume amplitude during Periods I and 111 was sampled at intervals of
30 sec and expressed a«< the mean pulse volume.

Pulsc volume reaction to the announcement of an arithmetic task (mental task
response) was measured as the Jifference between thv. mean of the 3 consecutive
pulse volume deflectiont oecurring immediately before the instruction, and the
mean of the 3 smallest pulse volume defleetions after the instruetion, hut hefore
the answer was given. The difference was expressed as a percentage of the mean
of the 3 pulse volume deflections oceurring immediately before the instraction.

A spontaneous fluctuation was counted when a decrease in amplitude of at
least 30 pereent of the prestimulus amplitude took place within a period of 4 see.
Thus, only fluctuations in amplitude +imilar to responses to anditory stimuli were
taken into account. Thi« eriterion was deemed neceszary in view of the baseline
fluctuntions occurring with the time-constant used (2 see).

! Lund. F. Personal communieation. 1966
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To avoid counting doub'c-responses, an additivnal eriterion was that the me-
dian of the 3 smallest consecutive beats within 8 sec after the start of the
amplitude deerease should not be larger than 70 percent of the median of the 3
smallest beats within 10 sec before the decrease. The retest reliability with an
interval of one month was 97 for this measure. The interjudge reliability was
84,

For pulse volume (as well as finger volume) spontaneous fluctuations were
counted during Periods I, 11, and 111 In the stimulation period, such fluetuations
were counted in the 1.6 sec period after the onset of the tone as well as after «
response had subsided.

When comparing the number of spontancous fluciuations during the 3 periods,
a correction factor was used to make up for differences in time during the 3
periods. This factor was 1.00 for Period I, 1.53 for Period 1I, and 2.00 for Period
I1.

Huabituation

For both finger and pulse volume, habituation of responses was estimated by
the Kendall rank correlation coefficient tau (Kendall, 1962; Levander, Lidberg,
& Sehalling, 1969). Positive values eorresporvl to deerea~ing size of responses.

The means of the responses both in finger and pule volume s":owed a linear
relationship against log stimulus number in our data. The method of estimating
habituation used by Montagu (1963) was therefore al<o applied. Aeting on the
suggestion by Lader (1964), Montagu used a eorrection in order to remove the
dependence of the regression line on the intcreept (a) of the Y.axix. This correeted
regression coeflicient (h°) was regarded as an extimate of the alwolute rate of
habituation.

Resulis and Discussion

Produet moment correlation eocfficients were eomputed between the different
measures obtained. The pattern of rexults was e<sentially the same when rank
correlations were computed.

Finger Volume

Size of Responxze. \s seen from Table 1, significant positive correlations were
obtained among the various response size measures. Of course these measures
have <ome common varianee.

TABLE 1
Product moment correlations among the finger rolume rariables

Cortelation ¢ sefliclents

; !

_— S . ;r.,....,f v o

Variables ; LI Los Lo ; s | e
. T e N I e St
1. Mean reaponse to all tones ¢ oy = ! ! : i
2. Response to finst tone I a0 — i ; i
3. Sum of the flirst 3 responses to tones [ é et ..\‘T"; — ! ,’ !
4. Mean response lateney S | BTN | B N [ R S !
5. Spontaneons fluetuations i1 ‘-—.3.'» -3 -4 f SR |
6. Spontaneous luctuations R R  JMEL. | saee —
7. Spontancoux fluctuations i 1] {-—.!I’: t—.l-l P16 ; -—.»l\"i R MM

!

Cp <G (AN
< 0.
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TABLE 2

Means and standard deviations of spontunious fluctuations during Periods I, 1, and 111, and
differences hetireen the periods for 168 aubjeets for wham complite recordings in all poriods
were obtained

i Finger Volume Pulse Volume

i

Perin]s - !'”
D Mens | SDs [ Mens 5D,
1 T ! 437 i a3 3
1 } 563 4 T U -
I gty .62 l 1.25 3.96
I-11 ; 0.5 | 2,42 -0.07 2.56
1111 S S T I R 3.74
LI T 3.16 : -0.12 2.73

Response Latency. Response latency showed no significant corrclations with
the response size measures (Table 1). There was a significant negative correla-
tion between response lateney and the number of spontancous fluctuations during
Periods I and 111. This is in line with findings for skin conductance (Lacey &
Lacey, 1958; Sternbach, 1960; Koepke & Pribram, 1966).

Spontaneous Fluctuations. The mean numberx of spontancous fluctuations dur-
ing Periods I, 11, and 111 are shown in Table 2. (As fluctuations in pulse volume
could not be evaluated for 3 Ss, due to a marked vasoconstriction, the computa-
tions were based on recordings from the 16 Ss for whom cvaluation was possible
during all 3 periods for both methods.) There were significantly more sponta-
necous fluctuations during the final rest period than during the stimulation period
(p < .01). It is worth noting that no increase was inducedd by the tone stimula-
tion, ns has been found for skin conductance (e.g. by Lader & Wing, 1966). The
number of spontancous fluctuations during the stimulation period was even ~ome-
what lower than in the rest periods.

The correlations between the number of spontaneous fluetuations during Peri-
ods 1, T, and 1II were highly significant (Table 1).

Pulse Volume

Size of Response. As scen from Table 3, significant positive intercorrelations
were obtained among the various response size measuresx, with the exception that
the response to the first tone was not significantly correlated with mean response
to all tones.

The decrease in pulse volume oceurring hetween the presentation of the first
arithmetic ta~k and the S's answer showed no signifieant correlation with other
response size measures. (The vasoeonstriction aeenmpanying this answer per-
sisted too long to make it possible to evaluate the response to the second arith-
metic task presentation.) This lack of correlation between pulse volume response
to a slight mental stressor like the arithmetie task and responses to tone stimuli
i« notable.

Response Latency. There were no significant correlations between response
lateney and the other pulse volume measures (Table 3).

The response lateney increased towanl the end of the stimulation period. The
difference between the means of response Iatencies for the first 5 and the last 5
responses was significant (¢ = 3.67, p < 01). This is in arcordance with what
has been reported for skin conductance (Koepke & Pribram, 1966).
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TABLE 3
Product moment correlations among the pulae volume variables

i Correlation Coeflicients
J— Periods -
Variables t 2 3 4 s | e 7 ] °
1. Menn response to all
tones 11 -
2, Response tofirst tone | 11 .28 -
3. Sum of the first 3 re-
SPOnKes Lo tones 1} A8% G20 —
4. Mean response In-
tency 11 06| 10 =221 —
5. Meutal task response | 11 |~.20 [~.19 (-.21 (- 23| —
6. Spontancous fluctua-
tions I A3 -2 - 22(-.28 .05 —
7. Spontaneous fluctun-
tions 11 |-.02}|-.29 [—.15|-.17|—.16] .86°* —
8. Spontancous fluctua-
tions I |~-.04 | .B4°| .02 |-.21] .07} .73°% .G67*°} ~—
9. Amplitude sampling 1 A5° .2 A3 00[—-.21 |-,22 |-.27] —
10. Amplitude snmpling 111 A1) .17 .40° .03} .02—-.25 —.ﬂ“.-.%.&l"

*p < .05 (44).
**p < .01 (56).

Spontaneous Fluctuotions. There were no significant diffcrences between the
mean number of spontaneous fluctuations during Periods I, 11, and 111 (Table 2).
The correlations between the number of spontaneous fluctuations in the 3 periods
were highly significant (Table 3).

Amplitude Samplings. There were highly signifieant positive correlations be-
tween the mean pulse volume amplitude during the 2 rest periods (Table 3). The
correlations between the amplitude samplings and the response size measures
were positive, as might be expected, and were significant or nearly significant
except for the response to the first tone. The amplitude samplings were nega-
tively although as a rule not significantly corrclated with the number of sponta-
necous fluctuations.

Differences Between Pulse Volume and Finger Volume

From our results, it appears that the response to the first tone in finger volume
is relnted to the general responsivity as estimated by the mean response to all
tones, whereas this is not the case for pulse volume. In contrast to finger volume,
there was an increasing response latency during auditory stimulation for pulse
volume (cf. Levander ct al., 1969). Response lateney in finger volume, but not
in pulse volume, tended to be shorter in Ss with many spontancous fluctuations.

There was a tendency for Ss with many spontancous fluctuations in finger
volume during the first 2 perinds to have lower response size. This is in accord-
ance with the findingy of Alexander, Roessler, and Greenficld (1963), although
their results are not directly comparable with ours, as they studied both the
amplitnde and the different frequency ranges of spontaneous fluctuations. The
corresponding correlations for pulse volume were also negative although much
lower. exeept that the response to the first tone was significantly positively
correlated with spontancous fluctuations in the final rest period. The interpreta-
tion of this reversal of direction in the correlation in this case is not clear.
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Similarities Beticeen Finger and Pulse Volume

The »um of responses to the first 3 tones was related to the mean response to
ull tones for both finger and pulse volume, which indicates that the Ss tend to
keep their relative positions in responsivity established carly in the tone series.
The variability of the first response for both finger and pulse volume did not
differ significantly from the variability of the other responses, contrary to what
hus been reported for skin conductance by Montagu (1963).

Response latency showed no signifieant correlations to response size measures
cither for finger or pulse volume, which is in line with the assumption stated above,
hased on results by Greenfield et al, (1963). Comparisons between response luteney
for finger and pulse volumes respectively are subject to systematie crrors due to
the different time constant in the recording systems (see Levander et al., 1969).

There were as a rule no signifieant corrclations between spontaneous fluctua-
tions and the various response size measures. In contrast to what has been
reported for skin conductance, especially with regard to initinl responsivity, the
direction of the corrclations was eunsistently negative, indicating a tendency for
individuals with many spontaneous fluetuations to have low response size. No
relativnships were obtained betwcen habituation and »pontancous fluctustions
{sce helow),

The findings are of interest in view of the assumption by Lader (1965) that
the pwychological meaning «f vasomotor spontaneous fluctuations is different
from that of skin conductance fluctuations,

In necordance with what has been reported for skin conductanee by Johnson
(1963) and for pulse volume by Lader (1965), the number of xpontancous fluc-
tuntions both for finger and pulse volume in the present data were highly corre-
lated during the 3 experimentnl periods, indieating a woderate to high reliability
for this measure,

Habituation

The 1 estimates of habituation were signifieant for both finger and pulse
volume responses (Levander ot al, 1960). Both for finger volume and pulee
volume, significant intercorrelatior.s were obtained among the three habituation
estimates (finger volume: tau with b, — 81; tau with ¥, —.74; b with b, 85, all
p < 01 pulse volume: tau with b, ~.63; b with i, 58, both p < 01), with the
single cxeeption of the correlation between tau and b’ for pulse velume (—.11).

For finger volume, the habituation estimates were not consistently correlated
with other measures (Table 4). For pulse volume, in line with findings for skin
conductance, habituation was greater in Se with high initial responsivity as
estimated by the response to the first tone and the sum of the first 3 responses
(Table 4). There were highly significant correlations between b, the habituation
cstimate in which correction for initial level was made, and the mean responee to
all tones as well as the amplitude samplings, indieating that Ss with large
response size and those with large pulse volume amplitude tended to show slow
habituation.

Large amplitude was also related to the tau estimate of habituation.

There were no significant correlation< between number of spontancous fluctua-
tions and habituation, regardiess of habituation estimates used, in contrast to
what haz been eonsistently found for skin conductanee (Mundy-Castle & Ricver,
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TABLE 4

Product moment correlations betiween the throe habituation estimaten (tau, b, and b’') and other
varinblex (response measures, spontaneous fluctualions, and amplitcde somplings)

Greater habituation is indicated by positire values on tau and nepative ralues on b and b’

; Coterlations with Habitution Estimates
Varie ‘en ‘ ‘l::,': i Finger Volume Pulse Volume
i tay ' b b’ tay b | W
———r. ! ; __..‘a - ——— a2t v | ¢y - A X
1. Mean rezponse to all tones H -2 .05 JR1: LA R 05, 01
? Response to first tone 1 21 =00t~ 1 R R T
3. Sum »f the first 3 responses to tones 1 ‘ 41 =39 .16 T A AL |
4. Menn response lateney I =38 .31 =19 |=.2 A~ 16
5. Spontaneous fluctuations I LT (=16 -0 =13 19 f— B
6. Spontaneoun fluctuations I == =15 =02 | 4 -
7. Spontaneous fluctustions I 1 SRR R0 PR E v R B R .
8. Amplitude sampling I | e — A3 =03 ! )
9. Amplitude sampling | m . - ;o= - 41 A2 450

*p < .05 (A,
** p < .01 (56).

1053; Koepke & Pribram, 1966) and for vasomotor activity (Stern, 1966). Therc
was no signifieant corrclation between the enleulnted a-value and the bescore.

The estimation of habituation by rank eorrelotion methods, such as the Wil-
coxon test (Dr.vis, Buchwald, & Frankmann, 1833} or by means of Ketulall's
tau, greatly depends on the “smoothness” of the conw:entive reercase in re-
sponses, This cocfficient includes in itself not only the slope of an a-sumed
regression curve, but also deviations of responses from the regression curve. One
single exceptional response ean thus have a great influence on the value of this
habituation estimate even if all other responses are monotonously decreasing with
inereasing stimulus number. However, when using the slope of the regression line
(responses on log ~timulus numbers) as an estimate of habituation, a lincarity is
assumed that almost exclusively oeeurs in large pooled samples (Montagu, 1963).

Correction of the b-score for the Y-axis intcreept has mostly been done on the
basis of the finding of a high correlation between the first response (a) and the
cocflicient of regression of the responses. However, in the present data no signifi-
cant correlation was ohtained. The b-score zives a less reliable measure, when the
slope of the regression line is steep, due to 1 smaller number of anchoring points
for the regression line. The eriterion of non-responses often used as an estimate
of habituation in skin conduetance i« less appropriate for vasomotor meastires, as
responses tend to reappear after a series of non-responses (Iare, 1968),

Thus, the estimation of habituation offers great problems, and comparisons
hetween estimates in different autonomie systems are questionable.
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